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ANNOUNCEMENT 


JOURNAL OF GEOMAGNETISM AND GEOELECTRICITY 


More than 120 original papers were read during the last two semiannual 
meetings of the Japanese Society of Terrestrial Magnetism and Electricity. 
Notwithstanding the many difficulties now prevailing in this country, the demand 
for publication is strong. The editorial committee has decided to issue the Journal 
of Geomagnetism and Geoelectricity on a minimum plan; to publish twice this year, 
on account of the limitation of pages and a high page charge for the writers. But, 


expecting the improvement of conditions in the near future, the committee intends 


to make the Journal a quarterly publication, free from any kind of restriction and 


page charge for manuscripts from private individuals in and outside of Japan. 
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The fields of interest of this Journal are as follows: Ree 


Terrestrial Magnetism Aurora and Night Sky 
-Mrnioapherie. Electricity Wie cOsune alaeer ead 
Physical States of 


The Tonosphere 


Radio Wave Propagation 
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The Third General Meeting at Kakioka Magnetic Observatory. 
June 5~ 7, 1948. 
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A GREETING 


By Prof. A, TANAKADATE. 


(Author’s free translation) 


Mr, President! Dear Colleagues! 


I would like first of all to offer a word of congratulation to all the 
members for making this General Meeting such a brilliant success. Then, Dr, 
RIkITAKE, and Dr. Yonezawa, I wish to tender you my hearty grectings for 
your deserving acceptance of this society’s prize, associated with my humble name, 
These small books, “Toki wa Uturu”, recently published, I present to each of you, 
not as an additional prize, but simply as a souvenir of this happy By If you will 
read it at your leisure, I shall be more than grateful. 

. Now, you ask me to say a few words and I am happy to do so. I have 
just recalled an event that happened when PRINcE SAIoNzI was Minister of Edu- 
eation concurrent with Minister of Foreign Affairs, He once invited the teaching 
staff of the Science College of Tokyo Imperial University to an informal dinner, 
and unreservedly discussed all sorts of subjects. The host indulged in his views on 
cosmopolitan principles and naturalism so extravagantly, that Prof. -YAMaGawa 
seriously warned him against his atitude, Curving the question, the host said : 
oenerally ee ae such eae as decorations should not be oe to bine ides 
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changed again, and AOKI was accidentally sueceeded by Kato, who re-examined 
the question and agreed to the decision, And J had to draft the testimonial of the 

merit of Kgnvry's works and hand it over to the official bureau where it was 
scrupulously examined, and returned requiring it to be re-written including both 
merits and labor (K6 and Ro), I argued that the question of labor had nothing 
to do with this matter, but the officials insisted that such logic did not hold in the 
bureaucratic world, however plausible it might be elsewhere, So I had to fill up 
the document with some assorted scripts to pass it through. 

When I told this story to my old senior, Dr. TyuToKU Isiauro, he told 
me about a much more awkward experience that he had, He once took with him 
a decoration for VircHow of Germany, which his political enemy BisMARK preven- 
ted him from accepting. Wrronow himself was quite satisfied with the thought 
of the honor attributed to him unmindful of the material symbol. IsrGuRo, had to 
take it home and he had stupendous trouble over red-tapism in returning it to the 
issuing bureau, 

Happy to say, all such things are now thoroughly gone and I doubly re- 
joice that today’s ceremony has been conducted so a without a shade of 
senseless officialism. ‘ 

Now, my dear Colleagues, you are all ascetiett in yarious kinds of research 
and some are directing your juniors at the sametime, so I will just relate a little of 
my old experiences whether it be of any use or not,” 

_ It is well known that great discoveries and inventions do not always come 
from great men, Nor are geniuses devoid of failures and misconcepts. MaxWELL 
in his remarks about FaRapay’s “Experimental Researches in Electricity” says, 


that its great value lies in the writing down of all his failures as well as all his. 
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and surrounded by a few turns of insulated wire, through which if a current is 
sent the magnet will move sluggishly with the speed of, say, a classical Noh player 
who announces: “Now, let me go along in a slow slow tempo!” 

The signaling through the Atlantic cable (born 2 years after my own birth) was 
predicted by highest authorities of the time to be of similar behaviours, because of 
its great electro-static capacity, The overcoming of this difficulty by the invention 
of the siphon recorder was looked upon with much pride. 

To such a system of mechanical contrivance whatever elaborate refinement 
were persisted in, the realization of signalling hundreds and thousands per second of 
sound elements of the human speech would be as impracticale as swallowing a hat, 
The problem had to be attacked from an entirely different side, the electro-magnetic 
induction which had been long waiting there since FARADAY'’s discovery in 1981, 

It is rather surprising that KeLvIn, while revealing the oscillatory 
discharge of electricity 33 years ahead of Hrrtz’s experiment, did not turn his 
thoughts there, But the moment H&AVIsIDE hit the point, he rushed to calculate 
the skin effect of oscillatory current with his ber and bei functions in 1888, the year 
I was first introduced to Sir Wm. THomson, later the Lord Kgrvin. 

In his presidential address to the Institution of Electrical Engieers on Janua- 
ry 10, 1889, KeLvIN recapitulates the histoical development of the electric science 
and jts applications since the days of FARADAY’s research and his uninterrupted 
attempts to elucidate the ultimate structure of electro-magnetism, his dynamic analogy 
of the motion of viscous fluids, of elastic solids, and of his gyrostatic ether, in every 
case coming to face “inscrutable difficulties.” he concluded by saying ;— . 

“We shall learn to look on things in a different way —— when Epes 
that which is now a difficulty will be the only common-sense and 
pt intelligible way of looking at the subject.” 
These difficulties of 60 years ago have been and are still nb batt! Getic by 
Doing: generations with continuously improved means, Pheoriticalay gt, experi- 
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The Electric Charge neutralized by the 
Lightning Discharge. 


By H. HATAKEYAMA, 


The electricity of the thunderstorm was observed by various facilities du- 
ring the summer, from 1940 to 1944, in the neighbourhood of Maebashi, Gumma 
Prefecture, where records the top occurrences of thunderstorm in Japan. ‘The report 
(1) of the observations in the summer, 1940 and 1941, was already published. 

In the present paper the author intends to report the electric charge neutralized by 
the lightning discharge and the distance of the consecutive discharge in the thunder- 
cloud. 

Observational - materials used in this are is the Srbkind da records of 
the antenna-earth current. The small antenna, 10 m in length and 3 m in height, 
was connected to the one electrode of the galvanometer (sensitivity = 3X 10~8A/mm), 
and the other electrode was connected to the earth: When a lightning discharge 


occurs the electricity, positive or negative, induced on the antenna is released and — 


flows to the earth suddenly through the galvanometer. The coil of the galvanometer 
makes a ballistic movement, and the maximum swing of it indicates the electric 
quantity flowed through it. That is proportional to the sudden change of the 
atmospheric clectric field near the earth’s surface due to the lightning discharge. 


The observation was made at five places simultaneously, those were situa- 


ted sik intervals of several to ten kilometers each other. In 1942 the places were 
chosen as Maebashi, Shibukawa, Minowa, Takasaki and Fujimi, and in 1943 Taka- 
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the discharge and the amount of sudden change of the electric field, it was concluded 
that the most lightning discharge ‘occurred between the lower negative charge dis- 
tributed over the circular cylinder of 2 km radius, extending from 4 km to 8 km 
from the earth’s surface, and the upper positive charge over the cylinder extending 
from 8 km to 12 km. By projecting the respective discharges on the map it was 
found that the discharging spots shifted from the original region to another drawing 
the zig-zag course as if in the random walking. The dimension of the region where 
the lightning discharge occurs has the diameter of about ten kilometers, ‘The distance 
of consecutive discharge ranges from one to five kilometer, and its average is 3.5 km, 

In the observation in three summers from 1942 to 1944, we investigated 
twenty four thunderstorms. We took 171 simultaneous observations of sudden chan- 
ges of the electric field at three places and 5438 simultaneous observations at two 
places. The general tendency of the results of the analysis was nearly the same as 
in the Summer of 1940 and 1941, The following fesults were obtained by the: 
detailed analysis of the observational materials. 

(1) The electric charge neutralized by a lightning discharge is larger and 
generally more than . 100 coulombs and seldom reaches 300-400 coulombs when the 
thunderstorm is developing as shown in Fig, 2 with full lines. ; 


Gee 


front side of the thundercloud, and smaller in the rear side of it.” 

(4) These facts may be due to the ending of the generation of electrified 
water drops and to the inerease of the electrical conductivity of the air in the 
clouds. 

(5) The distance between the discharging spots is larger in the developing 
stage of the thunderstorm and smaller in the decaying stage. And the distance 
becomes larger as the electric charge neutralized by a lightning discharge becomes 
greater. The distance is about 1 km when the electric charge in 10-20 coulombs, 
2-3 km when the charge is 100 coulombs, and more than 4 km when the charge 
is 300 coulombs. The relation is shown graphically in fae 3. 


(6) The rather large negative coul 
change of the electric field somewhat fre- 300 
quently occurs in eighteen thunderstorms 
out of twenty four storms examined. 
These negative changes occur in the decay-— 
ing stage of the thunderstorm. This may 
perhaps be due to the Hage pion’ 
discharge. 
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Southward Shifting of the Auroral Zone Accompanying the Growth 
of a Magnetic Storm 


By Takesi NAGATA 


Geophysical Institute, Tokyo University 


(Read May 5, 1948, Received Feb. 1, 1949) 


It is well known that the polar distance of the auroral zone is generally 
larger for greater magnetic storms. [1] Moreover, the fact has recently been. noti- 
ced [2] that the auroral zone gradually shifts southward as the corresponding 
storm grows intense, Here in this paper an example of the above mentioned 
southward shift of the auroral zone will be quantitatively discussed. 

The hourly change in the world-wide distribution of the disturbance geo- 
magnetic field in the case of a magnetic storm of May 1, 1983 GMT, was examined 
in detail, 

The distance 9 of the central line of the auroral zone in Europe and 
America as measured from the geomagnetic axis pole was determined from the dis- 
tribution of component of the disturbance Geoagnieiic: field, and its” eee ene 
are shown in Fig. 1. In the, 
figure, the change in the abso-- so} 
Iute value of the horizontal 4 
force vector of disturbance at | 
Thule (geomagnetic latitude | t 
m= 88°) is also shown LS ORY SRT os oy Park a Da 
may indicate change in the Sp_ a Rots equatorial stations 
parallel current in the polar “fF 0 |) | 
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Now, for the purpose of representing the equatorial value of the storm- 
time variation Dst, the mean value of «Xm at the following six equatorial, station 
was taken: Alibag, Antipolo, Honolulu, Huancayo, San Juan, and Eliasbethville. 
This mean value, which will be written as oHe, is believed to be free from the 
effect of Sp-field, The hourly variation in the equatorial value of Dst thus deter- 
mined is shown also in Fig 1. 

The variations in 0, sHe and the Sp paral- 6-— 
lel current being compared with each other 36 
in Fig 1, it will be noted that 9 changed 
almost in proportion to the intensity of the 
main phase of Dgt-field, while the Sp_paral- 
lel current began to increase sensibly earlier "| Theoret value 
than the southward shifting of the auroral 
zone. The above-mentioned fact will be more 
definitely understood in Fig 2, where the 
mean value of @ in Europe and America oe 
9 20 40 60 80 100 
are plotted against the magnitude of-o He. ~ 4He 


The southward shward shifting of the ~¥8- 2: ‘Relation between the geomagnetic _ 
polar distance of the auroral 


auroral zone may be the result of the devia- “gone and the equatorial value of 
tion of the corpuscular stream caused by the ——-Det-field. 
magnetic field of the equatorial ring current, Siiaich is the source of the main phase 
of Dst-field, In this connection, an extended from of the C. Stérmer’s solution for 
the said problem [3] was applied in order to eétimate in detail the deviation of 
Ca* stream having the velocity of 1000 km/sec, the result being shown by the full — 
line in Fig 2. Notwithstanding the well known difficulty inyolyed in the Stérmer’s- 
eh theory [4], the calculated curve seems to agree rather well with the observed: 
(Ee. 0 SE ames be. : s, ie 
Thus, ene 0 te fae = 
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- On the other hand, the anomalous variation in the field intensity of GLY 
(Dorchester, England, f = 11420MC) radio waye, received at Yokkaichi, Japan, on 
May 1, 1988, is shown in Fig 38, together with the average variation during the 
neighbouring five days for the sake of comparison, The first apex point of the 
path of propagation of radio waves from Dorchester to Yokkaichi is situated at 

~ m=68°, in the middle Scandinavia. 

Comparing Fig 3 with Fig 1, we may say that the field intensity of GLY 
began to decrease just after the apex point at Ym=68° became occupied in the 
auroral zone owing to its southward shift, and the communication was kept in bad 
conditions as long as the apex point remained in the auroral zone, This fact may 
suggest that Fe layer itself is disturbed above all in the auroral zone, resulting in 
the increase of the absorption of radio waves as well as of their penetration due to 
the anomalous decrease in the critical frequency. 

The detailed result of analysis of the mode of verb amat of this magne- 
tic storm and related phenomena will be reported in the Geophysical Notes of To- 
kyo University in a near future. In conclusion, the writer wishes to express his 
sincers thanks to Prof. M. Hasegawa for his kindness in putting the necessary 
valuable geomagnetic data at the writer’ s et 
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A New Type Magnetometer. (The G.S. B, Type Magnetometer) 


By Ietsune TSUBOKAWA 


Geographical Survey Bureau, Ministry of Construction 


(Read. Oct. 28, 1948; Received Feb. 1, 1949) 


' A new type electromagnetic magnetometer for the purpose of field survey 
was designed and constructed at our institute of the Geographical Survey Bureau. 
By means of this instrument the geomagnetic force vector can be determined with 
the sufficient accuracy, i, e., with the error less than 0.1/ in declination and incli- 
nation and 1y in horizontal intensity, while the time need for a set of observations 
of three components is about six minutes or less. 

The instrument consists of a Helmhortz coil of 80mm in its mean radius 
and a small rotating coil as the detector. The Helmhortz coil is set on the theodo- 
lite so that its axis is perpendicular to both of the horizontal and vertical axes of 
the latter, while the rotating coil is set perpendicular to the axis of the theodolite. 
With the aid of an alternating current amplifier with a magic eye (6G5), the 
em. f. generated into the rotating coil by the geomagnetic force can be detected 
with the sufficient sensitivity. Declination and dip are simultaneously measured by 
= successively _ the horizontal and vertical directions of the axis of the rota- 
- ting coil so that the output of the amplifier becomes null. 

; The principle He measuring the 
horizontal intensity is shown in Fig, 1. _ 
‘Here, the constant magnetic field pro- | 
duced by the Helmhortz coil which is_ 
regulated by a current standard meter 
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In this instrument, the standard resistance is prepared so that g may not 
exceed 4°, in order to minimize the.errors due to the setting condition, In setual 
measurement of each component, four readings are taken corresponding to the sym- 
metric positions in the instrument, in order to climinate the systematic enor 
owing to various parts. Finally, the constant of the Helmhortz coil was determin- 
ed by comparison with the standard value. 

ree 
a Dhue magnetometer was practically used for the magnetic survey on 
Shikoku during three months in 1948, and it was proved that this instrument is 


sutticiently useful and quite safe for the field works. 


Fig. 3. The magnetic theodolite 
in the GS B type magneto- 
meter 

C, : Helmholtz-Coil 

C2 : Rotating Coil 

B_: Collector 

G : Bebel Gear 

R : Universal Joint to rotate 
the Rotating Coil 

H.C : Horizontal Circle 

V.C :: Vertical Circle 


Fig. 4. GS B magnetometer in 
the field work. 
Left to right; magnetic 
theodolite, magic-eye, stan- 
dard-cell and _ resistance, 
galyanometer and amplifier, 
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Characteristics of Geomagnetic Diurnal 


Variation at KAKIOKA. 
Dye 0: IMAMITI. 


The diurnal inequality observed at KAKIOKA during 21 years 1925 to 

1945 was analysed in the usual way in a series 

Cc; sin (t + 0;) + c, sin (2t + 02) Oa 
where t is time counted from midnight (J. C. S. T.), one hour being taken as 
equivalent to 15°. Thus c, @, ¢;, and c, denote the amplitude, O;, Os, O03, and 0, 
the phase angles of the terms whose periods are respectively 24, 12, 8, and 6 hours. 

The subject of such an analysis is to give the characteristics of diurnal 
variation at KAKIOKA, providing the influences of different geomagnetic condi- 
tions of days, that of seasonal difference and sunspot period, and to know average 
condition at the same station, As KAKIOKA jis situated in the central part of 
Japan, the characteristics at KAKIOKA may be considered as the general figure 
of geomagnetic diurnal variation in Japan. 

Calculations were made on horizontal intensity (H), vertical intensity (V) 
and declination (D). Geomagnetic conditions were divided into three classes, 
namely, calm days, ordinary days (including calm days) and disturbed days, Win- 
ter includes November to February, summer, May to August, and equinox, the 
remaining monthes, Years of 1927, 1928, 1929, 1986, 1987 and 1938 were adopt- 
ed as sunspot maxmum period and 1932, 1933, 1984, 1948, 1944 and 1945 as 
the years of minimum. 

The result of calculation shows that ¢,, ¢, and c; of H, V and D increase 
as we pass from sunspot minimum through 21 years to sunspot maximum, but cy 
of H does not varies in the above order and, in V, it increases in the. reversed 
order, 

According to magnetic conditions, ¢, of declination and vertical intensity 
increase as we pass from calm days through ordinary days to disturbed days, but 
ec, of horizontal intensity changes irregularly. ¢, cz and ce; generally vary in the 
same order as ¢, exceptionally in vertical intensity and in the case of sunspot 
minimum years for horizontal intensity, 

¢c; and c, are larger in summer and smaller in winter, but’c, of horizontal 
intensity shows rather irregular change. On the other hand, ce, of every element 
is largest in equinox and smallest in winter, indicating frequent occurrence of such 


variations of nearly 8 hours period in spring and autumn.  ¢, changes irregularly 
in declination, but that of horizontal and vertical intensity show highest value in 
equinox and lowest in summer, . 


In the following table, the four terms of calm days as well as sunspot 


periods are given, and the complete table will be inserted in the So of the 
KAKIOKA Magnetic Observatory. 


2362 
Calm days Declination . | Horizontal Intensity Vertical Intensity 
season. .|SPmax. | SPmin. | 21 years. |SPmax.| SPmin. | 21 years. 
Year 126 | 2.97 877 | 530 | 441 5.71 
«, Winter 0.58 | 0.60 Bis Vier 277° | 3.1% 4.18 
* Equinox 134 | 261 4.61 | 6.25 4| 4.40 5.86 | 
Summer 1.87 | 4.09 5.86 | 7.53 | 6.10 6.90 
ear 133 | 418 5.59 | 699 | 3.53 4.12 
Winter 0.75 | 3.30 3.90 | 5.22 | 3.43 3.61 
Co 
* Equinox Wes *) 6.83) 707 | kod | S43 4.23 
Summer 1.99 5.51 7.01 8.72 4.06 4.65 
Year 0.87 | 2.96 3.77 | 4.66 | 3,03 3.32 
| Winter 0.71 | 252 | 289 | 360 | 3.05 | 3.05 
= ec. . ie | 
“S ) Equinox 1.01. |. 3.87 5.01 | 5.99 | 3.39 3.86 | 
. 
. Summer 0.93 | 3.77.| 419 | 492 | 389 |) . 3.52 
ear 0.25 | 0.90 VIS oL4l i ge tle” foes 
Winter 0.38} 1.00 } ~129°|° 182-) 140 | “144 
*< Equinox 0.40 | 1.37 1.840 a a a 


0.15 0.96 | 0.92 


1.22 — aaa 0.99 


Declination i is eke inv minute and horizontal = vertical intensity in LP 
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The Wave Form of Atmospherics in Day Time. 


By Atsushi KIMPARA 


Nagoya University. 


This paper gives an account of an investigation of the wave form of 
atmospherics received mainly during the day time in summer, and discusses the 
interpretation of the records obtained. 

Recent studies of atmospherics, largely concerned with wave forms, may 
be devided in two groups: the one has been made by Lutkin (1939) in England, 
and the other by Laby (1940) in Australia as well as by Schonland (1940) in Af- 
rica, The former considers that the whole of the daylight wave form arises from 
oscillations and multiple discharges in the parent lightning channel, The latters 
suggest that the structure of the high frequency portion of atmospherics, which ap- 
pears as a damped wave train of ‘gradually increasing wave length, arises from 
multiple ionospheric reflexions of a single pulse of short duration. 


rl 
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The wave form of atmospherics should be studied from the mechanism of 
general. electric discharges in the atmosphere in addition to their propagation: condi- 
tion, such as of the amplitude ratio of each wave component due to distance, the 
masking effect. of nearer electric discharges, daily and seasonal variations of the 


absorption and the reflexion-coefficient of E-layer, and etc. ee 
Tt is here shown that the forms taken by all daylight simmonplierics in - 
summer arise directly from some kinds of electric discharges in the atmosphere. — I 
- The observations were made in Kanto-District of Japan from 1940 to 1944 at the — 
Iwatsuki Receiving Station. The cathode-ray direction finders were installed here | 
ee at Ss Dageee pees beets at a distance of 56 km. Day were 


The equipment ie observing wave ae Ai ee of cathode-r 
ean: ee wide death ceetay & antenna system, combined w 
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(1) Atmospherics radiated from lightning discharge between clouds & earth. 


A direct stroke between clouds & earth is preceded by 
V ) YA 


‘32 a leader stroke which radiates irregular waves of higher 


pie frequencies than the main stroke, but the amplitude is 
Fig. 2. much smaller than that of the main stroke. (Fig, 2). 
The main stroke follows the leader stroke & appears on Fig 
the oscilloscorpe as a damped oscillation, being completely 
attenuated in several cycles (Fig, 1). When the discharge 
occur near the station, static component can be observed as pee 
well as superposed high frequency components, Fig. 1. 
ai In Fig. 8, the statistical frequency dist- 


ribution of the first half wave, occurring in 
the damped wave form originated from the 
main stroke, is plotted, which indicate that 


the initial high frequency component occurs 
most often at about 7,5 ke/s. The frequency 
in any particular damped wave train is fur- 
ther seen to decrease as wave attenuates. These periods coincide, fairly well 
with those of stripes of lightning discharge figures on Boy's camera, 


Freq. in kt/s 
Fig. 8. 


In Fig. 7, a curve is plotted showing 
the distribution of the durations of damped 
wave form trains. Those are seen to vary 
from 300 to 1800 ws, with a most gated 
value of about 600 ps, . 


In Fig, 4 & 5, several co rice oe bial Wenteal = warns dn ag 
trains of the similar wave forms are indicated + Ride Mig 


with intervals from 1 to 10 ms. separated: These are_ radiated ane multiple 
stroke in tiie same channel = aaevee 


ws, 1 as 


(3) Atmospherics due to multiple reflexions from E-layer. 


These wave forms were discovered by Schonland at , 
winter night in Johanesburg, Union of South Africa. ] i V Fig 
We found them also at night in a as shown in 
Fig. 6. ar 
Fig. 
(1) T.H. Laby : Proc, Roy, Soc. A, vol. 174 p. 145 1940. 
(2) B.F.J. Schonland : Proc. Roy. Soc. A, vol. 176 p, 180 1940. 
(3) K.E. Lutkin : Proc, Roy. Soc. A, vol. 171 p, 285 1939, 
(4) <A, Kimpara : J, Nippon Elec, Eng. June 1943, 
: 
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On the Semi-Diurnal Lunar Tide (Me) 


in Region F. 


By Sadami MATSUSHITA. 


Geophysical Institute, Kyoto University. 


I. Statistical Treatment. 


From January, 1947, to February, 1948, the values (Zm) of the real 
height of maximum ionization by every hour in Region F at Kokubunji (139° 29, 
3’ E, 35° 42.4’ N) were examined, and the full 29 days, after the epoch of the 
new or the full moon in each month were analyzed, The phase and the amplitude 
of the tide were calculated dividing them into three groups: 1, December Solstice, 
2, June Solstice, 3. Equinoxes. The mean values of the phase and the amplitude 
of the tide are derived from the application of the harmonic dial method. , 
On the other hand, for the same purpose, the 369 days from January 6 
1947 to January 10, 1948, were analyzed using the following four methods 
1. Using of the hourly values for the full 369 days. _ 
2. Obtaining the difference between the hourly values. and the waiter “values of 
each month, for the purpose of avoiding thé influence of the solar Hd rere 
3L Application of the hourly values at night (April to September, from. 2100 to 
GLE A ae ee 
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Equinoxes in both A 


8 and B is smaller than 
~ that of June Solstice. 

0 y “i eee The phase angle of 

-10 June Solstice and Equi- 


noxes in both A and 
B is larger than that 


0 2 aiaenre 8? on Pee eed 20 : : 
: age of December Solstice, 


Lunar Time 
Fig. 1. Me tide in Region F at Kokubunji. and the phase differ- 
(mean yalues of one year, using the method of 2) ence between A and B 
is nearly 180°. 
Though the data examined are only for the period of 14 months, the 
results are interesting as compared to Chapman’s L field of terrestrial magnetism. 


2. Theoretical Treatment, 


More nitrogen molecules and oxygen atoms than electrons and ions are 
discovered in the ionosphere. Therefore, on the whole, the ionospheric atmosphere 
seems like a rare gas electrically neutral, When this atmosphere oscillates mecha-_ 


nieally, the electrons and charged ions will act to obstruct the motion, for they are q 
under the constraint of electric and magnetic forces. But, as they are few in — 


number than neutral molecules and atoms, their force of obstruction is very little 
on the whole. Accordingly, the variations of Zm may be influenced chiefly by. the 4 
large number of neutral molecules and atoms. _ 
Thus, in the first approximation, the hydrodynamics may be applied to 
the discussion of the motion in Region F. If the atmosphere in Region F is an 
autobarotropic one surrounding — ‘the non-rotating spherical earth, it will have the 
proper | oscillation of 12 hours period (2) using Haurwitz’ method CSF In the” = 
ease of the rotating earth, it is unl Ai (2) that se abovementioned 1 region a 


= the srvtational effect of tibos moon on “the scene inv this way, = €36chde see a 
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osvillation, n the degree of the spherical function, R the gas constant number of 
unit mass, and T the temperature of the boundary surface 1 in the I-layer. 

When Region E and Region F are in the position as shown in Fig, 2, 
the ratio of the amplitude Cy of M, tide in Region F, to the amplitude C, in 
Region E, is given by the value, 0.4~0,1, according to the abovementioned equa- 
tion, where R is 4,14x 10°, n is 2, and Ti is 200° T~320° T, Therefore, when 
the amplitude of M, tide in Region F is 3.6 Km, and the scale height of Region 
F and E is 86 Km, and 12 Km. respectively, then the amplitude of M, tide in 
Region E is expected to be 0.48 Km,~0,12 Km.. — 

For the purpose of examining the ratio of the amplitude between Region 
E or F and the lower atmosphere near the ground, we divided the atmosphere into 
six layers according to the temperature-height curve, as shown in Fig. 3 
Thus we have: 

CafGp 404 1G; 5 Ca [Cx Caf Cr «Cs (O8- Ca /Cn» K es 

= -0,005K~-0,001K 

Ca / Ce = Ca /Ce + Ce /Ca+ Co [Co+ Cu /Co+ K=-0.01K < 
where, K is a constant value applied for correction due to 
division into many layers. For the temperature of each 
layer, we employed the value as shown in Fig. 3. For °° 
R, 4.14x 10° is used for Ce /Cy and Ca /Ce, 3.50 10° is 
used for Oc /Ca, and 2,87x 10° is used for Cp /Ce and 
Ca /Cy. The minus sign indicates that the phase differ- 
ence between Region F and also E and the lower atmos- 0 


phere is 180°, and it corresponds to the foregoing statistical cabanit. bOOGk ual ce 
results. When the amplitude of M, tide in Region F is Fig. 3. Diagram of the divi- 
<e 6 Kn., and when the pressure variation in the lower _ sion of the upper atmos- 


atmosphere is 25 pb, K is 0,05~0,25, using the above- _ phere into six layers. 


- mentioned scale height. Therefore, the quantity of the relative air pressure oscilla- 
tion of Region | F and E is 4,000 and 1,200 respectively times than that ‘measured 


on the ground level. Un the case of 8, tide (7), K is about: 0.4; the relative 
pressure oscillation of Region F and E is 800 and 250 respectively times than that 
on the ground level. It corresponds to Pekeris? results COD ge oticiiree Geek 
£ In goncinsion, Secs Br cheek aary at) ‘Le results F 
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illustrated in Fig. 4. Tt shows coincidence and a fairly good agreement with one 
another on the subject of the certainty of the existence of M, tide in Region F. 

- If the lateral distribution of the amplitude of the M, tide is given as 
4Sin°?@ Km. (6 is colatitude), and the phase is 262° as obtained from the above- 
mentioned results in Table 1, at all 


‘ eed Sita ua i oS eg places, then the lunar tidal vertical 
is ob | rise and fall of isobaric surface in 
| joie ® { Region F is 
1394 2 | 4 Sin’O Sin (2t-+252) Km. 
Jeol . |. Therefore, the relative pressure oscil- 

| lation in the region is . 
ie 0.0924 P} Sin (2t-+ 252) 

; a > SSE: using Appleton’s estimation (9). P3 
ok °° © @ | is Schmidt’s spherical function. 
pias | In the case of the non-rotating 
3 cae a @ earth, the velocity distribution due to 

40; oo ns such an oscillation is obtained easily, 

507 by following Bartels’ equations (10), 

69 -—+—+ (Maximum velocity is of order 30 ™/s.) 

AMPLITUDE S PHASE The velocity potential having veloci- 
Die Otk OM 000OO) ties like these is 


0512-3 4 5 6 years 
$3= 1.31 x 10" PZ Sin (2t + 162°) 
Fig. 4. The amplitude (in Km.) and the phase (in 


lunar hours after transit at which maximum occurs) When the electric co nductivity 


for the semi-diurnal harmonics in the lunar variation K is constant, the magnetic potential 
of h’Fs3, h™axFa and Zm (Kokubunji) for various 
locations. The relative weights are indicated by the ; 
radius of the circle, which is proportional to the applying Chapman’s dynamo theory 


Vz as caused by this velocity potenial, 


number of lunar months of hourly data examined. v8 a: 
Curve: 4 Sin?6 Km. (0 is colatitude) i, > 2 Mae v 
(The phase at Huancayo, near the magnetic equator, V3= 1.63 x 10” K P; Cos(2t + 252°) 


are anomalous, being markedly dependent on solar 


i On the other hand, the lunar 
time. -from Martyn.) 


magnetic potential of the external 
part of the L field is given by van Bemmelen (12), who handled.the magnetic 
data statistically. It is 
Vi = 2.55 x 10° P? Cos (2t +258") 
for the mean values of Mean Solstice and Equinox. 
Comparing these two equations of V3, the phase coincidence is clear. Also 
K is determined by the coefficients of the equations as follows: 
K2 16% 10 & mn uy, 
As the integral conductivity in Region F is of order 10-7 to 10-° e, m 
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(8) D. F. Martyn. Nature. No. 413, 35 (1949) 

(9) E. V. Appleton and K. Weekes. Proc. Roy. Soc. Lond., A. 171, 171-187 (1939) 
P=po e—h/H where H is the local scale height for the ionizzd atmospheric 
component; if h/H is small relative to unity, 

P=po (1-h/H) ocr dp/p=(p-po )/po = -h/H 
(10) J. Bartels, Handbuch der Experimental Physik. XXV, 1 Teil, 163-210 (1928) 
(11) (12) S. Chapman and J. Bartels. Geomagnetism. Vol. 2. (1940) 
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u., M; tide in Region F may be sufficient to make the L field, even if the veloci- 
ty, due to the foregoing oscillation, is prevented by friction or other effects. Ac- 
cordingly, the “T-layer’ wherein L is produced is perhaps found in Region F, 
(Because of the great difference existing between low and high latitudes of the 
phase, the oscillation in Region E jis not favorable for the L field.) 
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On the Distribution of Blectricity in Thunderclouds 
By Yuichi TAMURA 


By means of the rotating collector deyised by Prof. M. Hasegawa (1940), 
which faithfully follows the rapid changes of electric field, the electric field at the 
ground due to thunderclouds has been studied, Observations were done at Kyoto 
and at Beppu. " 

On the average, when lightning flashes are at small distances (less than 7 
km. from observing station), the sign of net effect of a sudden field-change produced 
by a discharge is positive (at least 90% of cases); when lightning flashes are at 
great distances (more than 15 Km.) the relative frequency of negative and positive 
net effect is 3 to 1, 

F The average electric moment of a discharge of negative and positive pola- 
rity is 100 and 60 Coulomb-Kilometers respectively. 

Field recovery curves which suggest the progression of the regeneration q 


of charge in a cloud after a discharge, are divided into various eae as shown in 
Be 1. 
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near discharge discharge at 
intermediate distance 
Fig. 1. The Types of field change. 
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In the case of thunderclouds in Japan, it is striking fact that the types 
B, C, F and G are common as well’ as A, D, E, J and K type, and furthermore, 
the types H and I also occure frequently. 

By simultaneous observations, at three points, of field-changes produced 
by the same lightning discharges and, on the other hand, by statistical studies on 
relative frequencies of each type of field-change, the transition of types of  field- 
change along distance from a lightyjng flash could be deduced as follows. 


(a) ee ee ee 
(b) LS oe Be ae eee 
As Be Ore BK 
(c) AS See Die ee dk 
These three series of transition lead us to picture the polarity of thun-. 
dereloud and probable siOdes of ?, pe ty Pro hable i dee ‘ } dis charge 
discharge as shown in Fig. 2. 
In this figure, we treat the char- in gereral of Ig x tS & 
ges as points in the same verti- a pimep he by 
cal line, and their heights above Lipper H Nf | ' 
the ground are 2H, 3H, 4H and dipole 2 | t 
5H respectively. Further, the | +@ H + t + + 
assumption is made that the qu- [WEF H b if a - 


antity of discharge is the same 
in each case, represented by sym- 
"The signs of Gcld-disiage and Fig. 2. Polarities and modes of ‘achargd . 
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(4) is an explanation of the transition (b), though the physical meaning of A, >A, 
is not clear at the present stage of my investigation. In the case of d- and ¢—- 
discharge, some complications of cireumstance will be added. Gradual discharge of 
the uppermost charge to the outer space of a cloud will begin considerably affecting 
the field, after the lightning discharge is completed ; the variation of space charge 
below a cloud will modify a recovery curve. Though a sufficient explanation is 
not yet obtained, it is probable that the transition (¢) is intimately connected to 


y 


d— and ¢— discharges, 
When a thundercloud is at a distance, the positve field-changes are (mostly) 


due to the d- and ¢-discharges, the former being an evidence of both the lower 


and the upper dipoles, and the latter of the lower dipole in action. The negative 
fiield-changes are due to the a—, 8- and 7—- discharges; the a— or /—discharge 
being an evidence of the lower or the upper dipole respectively in action, and the 
7— discharge an evidence of both dipoles in action, From this standpoint of view, 
frequency of occurence of sudden field-changes of each sign during the distant storms 
were examined, 

Fig. 3 is one of the results of such 


90 min. were considered. The duration 
of each storm was devided into equal 
ten periods, and numbers of positive 
and negative sudden clianges appearing 


“a values of these numbers are graphically 
_ Fig. 3. The mean frequency of sudden fiield 
ra changes during distant thunderstorms. 
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examination. In this, nineteen distant. 
storms of durations between 30 min, and - 


in each period were counted, The mean 


represented. The curves obtained by 
(Upper-negative sign, lewer-positive sign), smoothing the observed values may be : 

_ and the electrical activity are called the ‘electrical activity curve of 
esundersiond ; the upper is the activity curve concerning the a-, Ba and TH : 
discharges, and the lower that concerning the 0— and ¢ — discharges. 
" noted that both the curves have ‘similar forms, but the aber of ae SEDC “ie 
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separation of electricity, the one is in the water region and the other is in the ice 
region in a cloud. As for the Japanese thunderelouds, it is quite probable that the 
upper dipole is in the ice region and the lower dipole is in the water region, 
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On the Fluctuation in Electron Density of 
the Fe Layer of the Ionosphere 


by T. Yonezawa 


(Electrical Communications Laboratory) 


The effective recombination coefficient of electrons and positive ions in the 

F, layer of the ionospheré has already been determined in several ways. 

Appleton [1] obtained the values of 0,8 x 10-" and 3x 10~" em®* sec for daytime 

and night respectively, from the diurnal variation of electron density. On the other 
hand, Rydbeck [2] analyzed the data during the total solar eclipse on July 9, 1945, 

and obtained a much larger value, namely 3x 10~° for the daytime. The present | 
author made a similar study [3] on the total eclipse on Feb, 5, 1943 in Hokkaido, - 
the result being, 2.8x 10-" for the daytime. In view of these diverging results, : 
we have thought out a new device of determining the recombination coefficient by 
analyzing the fluctuations in the elctron density of F, layer. ‘This method is equal- 
ly available during daytime as well as during night, but owing to statistical errors, 
it can yicld good values only in the case that we have a long series of data. > 

After preliminary analysis by means of a method which is known as 
Takahashi-Fushimi’s method [4] in Japan, we have been led to the conclusion that 
considerable persistency or after-effect must be present in the fluctuation in the 
ionizing agency itself of the F, layer. Therefore we have made an extention of 
this method to cover the case where persistency exists, and a renewed analysis has 
been carried out. 

At first we introduce a Peat which represents the persiste 
after-effect of the fluctuation x in the ionizing agency of the F, layer. eet a 
similar consideration as in the case of the es of errors we. assume that is a 
sum of a large number of 2,'s (i =1, 2, ---,. 2N), 2N being their number, ands, 2 
each 4, can suly take the values Be in a. where ¢€ is a sek small positive Ss: 
pape . oa x pla < wee 
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a a+ 
<3) FE. pe ’ N-+n a hi N—n tid 
Wr, n k).=P = (; +k I] a a yy ? 
where 
1—P 
US Pp 


Employing contour integrals on the complex plane, we can transform the above 
expression into the following forms : 


P ,a ie aE nt ( 1 au ye ag 


Wa, n+k)= yz Dani i gett ; 
ise it N= i ese v N+ 
Wee = a = pager ag LEI ee 


Evaluating the approximate values of these integrals by the method of steepeet 
descent, we obtain, to the approximation that-1/N is neglected beside 1, the follo- 
wing result : 


| ARP er RE 
WAC Phos pe ei ee 
~e WV 4xP(1—P)N ; 
If ¢ is small enough, we can consider « to take practically continuous values, so 
that, putting ne=a and (n+ %)e=y and regarding « and y as continuous variables, 
the probability W (2, y)dy that the value of x changes in a unit time from # to 
a value between y and yt dy is found to be 
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and 
2 = 4(1—P) # (5) 
The latter can also be expressed, from its definition, in terms of the correlation 
coefficient between a value < of x at any instant and that one unit time afterwards (71): 


= =) (1—r,)2* 
Comaring this with Hq. a we get 
Y= Vij Ree Le 


In the same way, we can show that the correlation coefficient between any two 
values of « which are separated by a definite time-interval t (7) can be expressed 
in terms of P as follows: 
r, = (2P—1)! 
=e-xi ( 6 ) 
where, assuming that 2P— 150, 


un § 
ea a ot (7) 

’ Now the fluctuation « in the ionizing agency of the F, layer can not be 
measured directly, and it is the fluctuation in the maximum electron density of the 
F, layer that can be obtained directly from observations. Therefore we must 
think out some device to derive from the latter values of the parameter P_ which 
represents a characteristic of the former. iy 

_ We shall denote by 2% the part of the Fe Tyee maximum ramen. density 
n ‘which represents the average variation including diurnal and seasonal variations, 
and let dn be the deviation from the average. Also we shall divide the rate of 
ion production g into the similar parts *qo and Aq. Then, assuming that m» is rou- 
hly constant and dn<€ Po, dn is given by eS Nee 
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where x is given by Eq. (7) and 
p= Zar * CLL) 

In Eq. (10) Rr can be calculated from observational data, and if we 
determine the values of the parameters x and yz so that the points (ct, Rr) obtained 
from observations fall as closely as possible in the neighbourhood of the curve 
expressed by Ey. (10), we can find out the values of the after-effect coefficient 2P 
—1 and the recombination coefficient a from Eqs. (7) and (11). We have also 
calculated out the mean lives of the fluetuation in the ionizing ageney. The results 
of this task are summarized in the following table and the figure. 
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On examining the practicial data, we have found out that in winter, both 
day and night, points obtained from observations are arranged roughly in accord 
with the curve (10), but in spring and summer, particularly in the latter case, this 
is not the case, and the values of the parameters can not so sharply be determined. 
The figures listed in the table may be subject to not small errors in these. e seasons. 

From the table we see that the after-effect of the ffuctuation in the ioni- 
zing agency is small in winter, large in-spring and particularly large on summer 
day, though not very large on summer night. We have also obtained reasonable 
values of recombination coefficient, which seem to be a little too large on the 
whole. The physical, meanings of these neal are not clear and require ; further 


investigations. 
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SECULAR VARIATION OF EARTH-CURRENT POTENTIALS. 


By T. Yoshimatsu. 
(Kakioka Mag. Obs.) 


Although the general physical features of so-called universal earth-currents 
have been much cleared in recent years, we have little informations of their local 
characters which must be discussed together with the actual materials on the resis- 
tivity of the earth’s crust. Regarding to the other kinds of earth-current, for 
instance, such as those that may be primarily caused by some agencies in the 
interior of the earth, it is not too much to say that nothing is known. at present. 
Considering these points and taking account of the geographical situation and geolo- 
gical activities of the Japan Island, some analyses and discussions about observed 
potentials have been made mainly from the standpoint of the locality of earth- 
currents. Here is described only a general feature of the secular variation of the 
absolute values of potentials. Before stating the subject, it may be convenient to 


note some elements of the equipment of the new base lines installed at the end of 
the year 1933, near the Kakioka Magnetic ESS? ghey which records the 
present paper mainly depends. 
3 The base line arrangement is of a cross type, not a single: commonpoint 
one, and their lengths are one and half kilometers in the east-component and one 
kilometer, north-south, respectively. Potential differences were continuously record- 
. ed by means of galvanometers of the sensibility of 102 Amp. per mm. -and man- 
' ganin series. resistances of several ten thousand ohms, or more. The electrode 
consists of two copper plates connected to the line in parallel ; each of which has 
an area of one square meter and is burried vertically in fine charcoal gravels of 
three or four hundred kilograms at the depth of three to four meters, the horizontal 
distance being five meters apart. Before the installation, the underground wires, 
by which the electrodes are connected to the insulated aerial lines, were coated 
thickly with asphalt compound on their surfaces, then insulating test. being done by 
a meggar. As far as the observation during the last two years by the method or _ 
Kohlraush’s bridge concerns, the mean effective contact-resitances: of both east and 
north components are six” -Tinndred and two hundred ohms, respectively. Their == 323 
seasonal variations are —— pore percents, Ms the series resistances in 
oe as said abov 5 os arate stl 
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During the years from 1934 to 1945, the monthly means of the absolute 
values of potentials at Kakioka are shown in Fig. [ in which positive sign is used 
when the current flows eastwards and southwards.~ In the figure the curve of the 
north-component is drawn in three parts because of the removal of the south-elect- 
rode in Junc, 1987 and that of the north-electrode in January, 1944. The extraor- 
dinary decrements in both components in July, 1988 were due to the effect of 
heavy rains of precipitation of 670 mm. in a week. Although the curves contain 
other short fluctuations and minor seasonal variations, we can notice a distinct 
mean long-period variaton in the cast-component as shown by a dashed curve with 
a principal maximum in 1941 and minimum in 1938. Similar tendency in the 
north-component is also noticeable, but of less regularity. The annual mean deri- 
ved from the data of five calm days per month also shows a similar secular varia- 
tion. On the other hand, however, secular variations of ranges of both daily 
extreme values and diurnal variation are in good accordance with the solar and 
geomagnetic activities. We can not, therefore, attribute this phenomena to any such 
kinds of external causes as current-systems in ionospheres, but to sume gradual changes 
of physical and chemical states of either extreme shallow layers, in which electrodes 
are installed, or more deep portions of the earth. At first glance variations of soil 
solutions are probable sources to be pointed out for the first question ; as is the 
ease, soil solutions are substantially controlled by the meteorological conditions and 
hence may be responsible for most of.extraneous contact-potentials. Although we 
have no direct continuous observations of physical and chemical quantities of soil, 
such as water content, water-level in a well, resistivity in the superficial layers and 
so on, if these kinds of contact-potentials were responsible for the present secular 
variaton, it would be likely to expect more conspicuous seasonal variations than 
observed ones, and also it should be reasonable to. expect an intimate correlation 
between potentials and meteorological elements, such as rain-fall, air, or earth 
temperature, atmospheric pressure, or its space gradient and so on. The range of 
the mean seasonal variation during the total years is only about twenty percent 
of the mean abso- 
lute value, while Fig. A. 
the extreme range 
of the secular vari- 
aton in the east- 
component is about 
one and half times 
this mean absolute 
value. Moreover, we : “saath 
have no good cor- 
relations between 
potentials and me- 
teorological elemen- 
ts. We failed in 
searching for better 
correlation with 
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some other geophysical branches. 

Lastly, however, as it is shown in Fig. J, the writer made a lucky hit 
in the linear relation between potentials and number of occurrence of “conspicuous” 
and “rather conspicuous” deep-focus earthquakes on the belt of so-called ‘’Lransverse- 
Zone” of deep-focus earthquake in Japan, which runs through the middle part of 
the Island from the Pacific-Ocean side into the Japan Sea side. Due to the heavy 
rain in 1938 the absolute value of the east-component made a constant jump by 
which the mode of linear correlation was not entirely spoiled as shown by two 
parallel straight lines in Fig. J A. By a crossed point the six months’ mean from 
January to June in 1988 is distinguished from the annual value. For reference, 
in Fig. JB the annual mean values of the north-component from 1934 to 1937 
are added by 95.0 my. per K.M. which is a difference between the old and new 
absolute values at the moment of exchanging the south-electrode, while two values 
in 1944 and 1945 are omitted. 

This interesting fact led us to investigate the same problem about the 
observed potentials at Toyohara, Sagalien. During the snow-melting seasons at To- 
yohara, no satisfactory records were obtained on account of the abnormal variations 
of contact-potentials. In this case, therefore, eight months’ mean was utilirized as 
an annual mean, excluding four months from to June. We found, however, a ra- 
ther good correlation between potentials and number of occurrence of deep-focus 
earthquakes in the ‘“Sdya-Zone”, another deep-focus earthquake vone in Japan, which 
runs from the northern part of the Japan Sea into the Okhotsk. Sea side, passing: 


along the Straits of Sdya. = 3 = 


F Thus, as far as the annual mean values are concern, it may be said that 
in Japan, at least, at both Kakioka and Toyohara we have a sort of local earth- 


‘current which is originated itself in the earth-and changes its intensity in a similar 


cera with the frequency of the occurrence of deep-focus earthquakes in the 
cinity of the ‘every station which are Seip into two distinct zones “Transverse- 
ae and “Sdya-Zone”. . 


Jn this Vas eae the presen omitted ng eee of aeription, raphe and me = 4 


The meetings of the Society of Terrestrial Electricity and Magnetism. 


The Ist General Meeting. Held at the Tdkyd University on “May 12-14, 1947; 

36 reports were read; 100 members assembled. 

The 2nd General Meta: Held at the Kyoto University on Oct. 17- 19, 1947 ; 

24 reports were read ; 70 members assembled. — 

The 3rd General Meeting. Held at the Kakioka Magnetic Observatory on June 

5-7, 1948; 40 reports were read ; 80 members assembled. 

The 4th General Meeting. Held :.t the Kédenji Laboratory of the C. M. O., - Tokyo, 

on Oct. 25-27, 1948; 50 reports were read; 150 members assembled. 

The Ist and 2nd Tanakadate-prize were awarded for the following excellent works ; 
Mr. T. Rikitake: The electrical state of the Earth’s interior. 
Mr. T. Yonezawa: ‘The research for the Tonosphere. 
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